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CORROSION PROTECTED SUPPORT
ELEMENT FOR A SOIL ANCHOR OR A
ROCK ANCHOR, A PRESSURE PILE OR

THE LIKE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a corrosion-protected
support element for a soi1l anchor, a rock anchor, a pressure
pile or the like. The support element includes a support
member composed of one or more individual elements. For
providing protection against corrosion, the support member
is at least over a portion of its length surrounded by a tubular
casing or sheathing. The hollow space between the support
member and the casing is filled out with a hardening
material, for example, cement mortar. The support element
1s mounted in a bore hole and the support member can be
placed in force-transmitting connection with the ground
through a force transmitting region extending over at least a

portion of its length by filling the bore hole with hardening

material, for example, cement mortar.
2. Description of the Related Art

Structural members which extend into the ground, such
as, soil and rock anchors which are subjected essentially to
tensile forces, or pressure piles which are subjected to
compressive forces, are used for introducing loads, for
example, from structures, into deeper ground layers. Con-
sequently, such structural members have over the length
thereof at least one portion along which the tensile or
compressive forces acting in the structural member are
transmitted from the structural member into the ground. In
the case of tension rods, this force-transmitting length is the
so-called anchoring length in the depth of the bore hole. The
area of the free steel length 1s adjacent the anchoring length
and extends toward the opening of the bore hole. Along this
free steel length, the tension member is freely extendable. In
the case of pressure piles, the transmission of the compres-
sive forces takes place essentially along the entire length of
the pressure member. For transmitting these forces, the
support member is usually placed in the respective area
directly in bonding connection with a hardening material,
for example, cement mortar which is filled into the remain-
1ng space in the bore hole. This hardening material ensures

the connection with the bore hole wall and, thus, with the
ground.

In structural members of the above-described type, which
are not only mounted temporarily, such as, for temporarily
securing an excavation cleading, but also permanently, the
corrosion protection of a support member consisting of steel
plays an important role. In addition to the admission of water
and oxygen dissolved in the water to the steel surface and
any occurring stray currents, the main cause of corrosion 1s
the formation of macroelements. Accordingly, the most
important corrosion protection measure is the provision of a
casing 1n the form of a plastics material tube surrounding the
steel support member over 1is entire length, wherein the
plastics material tube has a high diffusion resistance and
electric volume resistance. This plastics material tube forms
the first barrier which also ensures the electrical separation
between steel support member and ground and, thus, facili-
tates monitoring of the corrosion protection measure by
means of an electrical resistance measurement. By pressing
in cement mortar within and outside of the plastics material
tube, an alkaline environment 1s produced as the second
barnier against corrosion.
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In a known soi1l anchor for permanent anchoring systems,
the casing is composed at least in the area of the anchoring
length of a ribbed jacket tube of plastics material. An
additional plastics material tube having a smooth surface
may be slid over the adjacent portion of the free steel length
for maintaining the longitudinal mobility of the support
member (German Patent 17 59 561). If the longitudinal
mobility of the support member is ensured in a difierent
manner, for example, by using so-called grease strands for
the tension member, the ribbed casing tube may also be
connected to a smooth casing tube at the transition from the
anchoring length to the free steel length (German Company
Brochure “DYWIDAG-—Bericht”, No. 11, 1982, pages
12-14). In all cases, the ribbing of the casing tube in the area
of the anchoring length has the purpose of transmitting the
forces from the support member through the pressing body
in the ground past the discontinuity formed by the tubes.
Analogously, this 1s aiso true for pressure piles (German
Company  Brochure “DYWIDAG GEWI—Pftahl”,
DYWIDAG-SYSTEMS  INTERNATIONAL  GmbH,
D-8000 Miinchen, 1987).

Aside from the fact that a joint of casing tubes at the
transition from the free steel length to the anchoring length
represents a weak point, the ribbed plastics material tubes
which have been available in the past have been found to be
susceptible to mechanical damage, particularly when the
anchor element 1s introduced into the bore hole. This is
because ribbed tubes have a smaller wall thickness than
tubes having a smooth wall because of the manner in which
ribbed tubes are manufactured. In addition, when the pres-
sure occurring during pressing in material and elongations or
displacements occurring during tensioning of tension rods
frequently negatively atiect the tightness of the casing tube
and the electric volume resistance thereof.

SUMMARY OF THE INVENTION

Therefore, it 1s the primary object of the present inven-
tion, in a support element of the above-described type, to
provide a possibility of ensuring the corrosion protection
even and especially 1n the area of the force transmission over
long periods of time and with certainty, without impairing
the force transmission from the support member to the
ground and taking into comnsideration the discontinuity
resulting from the tubes.

In accordance with the present invention, the tubular
casing is composed of a tube of plastics matenal, for
example, PE, which extends over the entire length of the
support member. The tube has the same transverse cross-
section over the entire length thereof, At least in the areas of
transmission of forces from the support member to the
ground, the original uniform cross-section of the tube is
deformed at spaced-apart locations to deviating cross sec-
tions having different transverse extensions.

The present invention is based on the finding that a
plastics material tube which has a smooth wall and has the
appropriate thickness and is less susceptible to damage as a
result, as 1t 1s usuaily arranged in the area of the free steel
length, can aiso be provided in the area of the force
transmission if the tube is provided at certain locations with
a cross section which differs from the original, usually
circular cross section located at spaced-apart locations and
having different transverse extensions. When longitudinal
forces occur, the deviating cross sections result in wedging
of the deformed support member in the hardening material
which fills out the bore hole and, thus, lead to a reliable force
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transmission to the pressing body. The distances between the
deformed locations from each other and the type and dimen-
sions of the deformations are determined in dependence on
the quality of the soil and the load to be transmitted per unit
of length. The deformations can be produced in a simple
manner after the support element has been assembled by
applying transverse pressure to the tube which, for example,
in the case of an originally circular cross section, results at
the respective locations in an approximately oval cross
section. When this subsequent deformation is carried out,
the support member in the interior itself forms an inner
limitation for the extent of the deformation.

Since plastics material tubes develop restoring forces
when outside forces are applied, wherein the restoring forces
have the tendency to reverse the produced deformations, it
must be ensured that these deformations are maintained at
least until the hardening material for forming the pressing
body has been introduced and has hardened. In accordance
with the present invention, this is achieved by providing, at
least at the locations at which the deformations are to be
produced, plastically permanently deformable structural
components which are deformed simultaneously with the
plastics maierial tube and which, because of the material
properties thereof, not only themselves maintain the shape
produced by the deformation, but also prevent the plastics
material tube from resuming its original cross-sectional
shape.

The plastically permanently deformable structural com-
ponents may either be components arranged continuously
within the plastics material tube, such as, a spiral of steel
wire or steel band or strip, which may even be embedded in
the tube wall, as well as a metal tube provided with
profilings, or the components may be rings of steel arranged
outside of the plastics material tube and only at the locations
to be deformed, wherein the rings are deformed together
with the plastics material tube. The structural components
arranged within the plastics material tube have the advan-
tage that the outer surface of the plastics material tube
remains smooth, i.e., without locations of unevenness, so
that the support element can be easily introduced into a bore
hole. When the structural components are arranged within
the pilastics material tube, it must be ensured that the
remaining hollow space can be filled out completely with
hardeming material. This is easily possible in the case of a
spiral. In the case of a continuous metal tube, this can be
achieved by a profiling and openings in the tube wall.
Structural components arranged within the plastics material
tube provide the additional advantage that a predetermined
distance is maintained at all times between the support
member and the tube wall.

The various features of novelty which characterize the
invention are pointed out with particularity in the claims
annexed to and forming a part of the disclosure. For a better
understanding of the invention, its operating advantages,
specific objects attained by its use, reference should be had
to the drawing and descriptive manner in which there are
illustrated and described preferred embodiments of the
invention.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawing:

FIG. 1 is a schematic sectional view of a soil anchor with
a support element in accordance with the present invention;

FIG. 2 is a schematic sectional view of a pressure pile
with a support element in accordance with the present
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4
invention;
FIG. 3 is a partial longitudinal sectional view, on a larger

scale, of a tension element according to the present inven-
tion;

FIGS. 4a—4c are sectional views taken along sectional
lines a-—a, b—b, c—c, respectively, in FIG. 3; and

FIGS. Sa-5¢ to 7a-7c are longitudinal sectional views
and transverse sectional views of other embodiments of the
support member according to the present invention, wherein
the transverse sectional views show the support member in
the original and in the deformed states; and

FIG. 8 1s a partial longitudinal sectional view of another
embodiment of the tension element according to the present
invention; and

FIGS. 9a to 9d are sectional views of another embodiment
of the tension member according to the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIGS. 1 and 2 of the drawing schematically illustrate the
significant fields of use of the support element according to
the present invention. Thus, FIG. 1 of the drawing shows a
soil anchor or rock anchor and FIG. 2 of the drawing shows
a pressure pile.

FIG. 1 1s a longitudinal sectional view of a soil anchor
with a support element 1 which is inserted into a bore hole
2. The support element 1 is composed of a support member,
in this case a steel tension member 3, which may be a single
steel rod or a bundle of steel wires or steel wire strands and
which 1s surrounded over its entire length L by a casing or
sheathing tube 4 of plastics material. The casing tube 4 is
provided with deformations of different transverse exten-
sions over the area of the anchoring length L, wherein the
deformations are partially in the form of indentations 6 and
partially in the form of projections 7. The indentations 6 and
the projections 7 are only schematically illustrated in the
drawing. The casing tube 4 has a uniform cross-section,
particularly a circular cross section, over the area of the free
steel length L adjacent the anchoring area L, and extending
toward the opening of the bore hole 2. The hollow space
remaining between the steel tension member 3 and the
casing tube 4 is filled out by a hardening material 5, for
example, cement mortar. The injection of the hollow space
between steel tension member 3 and casing tube 4 can be
carried out before or after the support element 1 has been
placed in the bore hole 2. The hollow space still remaining
in the bore hole 2 is subsequently filled out with hardening
material 8, particularly cement mortar, which transmits after
hardening the loads introduced through the support element
1 to the surrounding ground 9.

In a similar manner, FIG. 2 schematically shows a pres-
sure pile. Also in this case, a support element 11 is placed in
a bore hole 12. In this support element 11, the support
member is composed of a steel pressure member 13, for
example, a ribbed reinforcing rod and is surrounded over its
entire length L by a casing tube 14. Since, in accordance
with its function as a pressure member, the support element
11 transmits force to the surrounding ground over the entire
length L, the casing tube 14 is also provided over its entire
length with deformations of different transverse extensions.
Also in this case, the transverse extensions are indicated
schematically as indentations 16 and projections 17. The
hollow space between the steel pressure member 13 and the
casing tube 14 is filled out with hardening material 15. Also
in this case, after insertion of the support element 11 into the
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bore hole 12, hardening material 18, particularly cement
mortar, 1s pressed into the remaining hollow space. After
hardening, the hardening material 18 transmits the intro-
duced loads through pile end forces and wall fniction to the
surrounding ground 19,

In the embodiment of a soil anchor according to FIG. 1
illustrated in FIGS. 3 and 4 in detail and on a larger scale,
the steel tension member 3 is composed of a bundle of steel
wire strands 20 which, in the area of the free steel length, are
conducted in their own sheathings 21 for maintaining the
longitudinal mobility thereof.

While the plastics material tube 4 surrounding the steel
tension member 3 has in the area of the free steel length L.

still the original circular cross-section, as shown in FIG. 4q,

the cross-section is deformed in the area of the anchoring
length L., at several locations 6 or 7 in equal spacings a
therebetween 1nto an oval cross-section, as can be seen in
FIGS. 4b and 4c. The deformation must be carried out to
such an extent that a secure anchoring of the support element
1 in the pressing body, not shown, is ensured. The defor-
mation i preferably to be carried out in such a way that the
smaller diameter is approximately 80 to 90% of the original
circular diameter.

As illustrated particularly in FIGS. 4b and 4¢, the arrange-
ment of deformations 18 arranged in such a way that at
successive locations the same cross-sectional shapes are
offset by 90°. The deformations could also be offset by
different angles, for example, by angles of 60° over three
successive locations, as illustrated in FIGS. 95 to 94 of the
drawing.

The distances a between the locations of the deformations
may also vary. As shown 1 FIG. 8, the distances between the
locations of the deformations along length L, are substan-
tially smaller than the distances between the locations of the
deformations along length L._,. The distances a as well as the
transverse extensions of the deformations, may be adapted
to the magnitude of the forces to be transmitted. Thus, the
deformations are spaced closer together in the area of
high-force transmission than in the area of low-force trans-
mission. In this embodiment, a spiral 22 of steel wire is
arranged 1in the interior of the plastics material tube 4 in
order to fix the deformations obtained by the application of
a transverse pressure. Analogously, the spiral could also be
of steel strip. The individual windings of the spiral 22 are
deformed under the influence of an external transverse
pressure in the same manner as the plastics material tube 4,
but the plastic permanent deformation of the individual
windings of the spiral 22 prevent the plastics material tube
4 from returning into the original circular shape as a result
of elastic restoring forces. The spiral 22 simultaneously
secures the distance d between the steel tension member 3.1
and the inner wall of the plastics material tube 4 which is
important for reasons of minimum concrete cover, and
prevents, in accordance with the principle of an encircling
reinforcement, the hardening material arranged in the inte-
rior of the plastics material tube 4 from longitudinally
ripping under the influence of the tensile force of the anchor.

FIGS. Sa-5¢ to 7a-7c¢ show additional embodiments of
the structural components which can be utilized for fixing
the deformations of the plastics material tube. FIGS. 54, 6a
and 7a are longitudinal sectional views. FIGS. 5b, 65 and 75
are cross-sectional views of the support element in the
undeformed state and FIGS. Sc, 6¢c and 7c¢ are cross-
sectional views of the support element in the deformed state.

In the embodiment shown in FIGS. 5a-5¢ with a ribbed
reinforcing rod 23 as the steel tension member 3, a continu-
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6

ous sheet metal tube 24 with profilings 25 and openings 26
1s arranged within the plastics material tube 4. For example,
a known wound ribbed tube can be used for this purpose,
wherein the ribs, in a similar manner as the spiral 22, ensure
a minimum distance d from the inner wall of the plastics
material tube 4. The inner sheet metal tube 24 must have the
openings 26 in order to enable the hardening material to
enter the space between the sheet metal tube 24 and the inner
wall of the plastics material tube 4 and to fill out this space.

In the embodiment according to FIGS. 6a—-6c, in which
the steel tension member 3 is composed of a bundle of steel
wire strands 20, steel rings 27 are slid onto the plastics
material tube 4 at the locations at which the deformations
produced by transverse pressure are to be provided. The
steel rings 27 fix or maintain these deformations. The steel
rings 27 must be dimensioned in such a way that they can be
deformed by transverse pressure and maintain the shape
obtained in this manner against the restoring forces of the
plastics material tube 4. It has been found that good results
are obtained with steel rings whose thickness is approxi-
mately 4 to 8% and whose width is approximately 35 to 40%
of their diameter.

Finally FIGS. 7a-7¢ show an embodiment, again with a
reinforcing rod 23 as the steel tension member 3, in which
a spiral 28 1s incorporated into the wall of the plastics
aterial tube 4. This provides the advantage that the casing
tube or plastics matenial tube 4 has a smooth inner wall
surface. However, it must be ensured that, when the defor-
mations are subsequently produced, there is a sufficient
distance between the inner wall of the casing tube 4 and the
steel tension member 3, so that a sufficient cover with

cement mortar filling out the remaining hollow space is
ensured.

The invention is not limited by the embodiments
described above which are presented as examples only but
can be modified in various ways within the scope of pro-
tection defined by the appended patent claims.

We claim:

1. A corrosion-protected support element for a soil anchor,
a rock anchor, or a pressure pile to be mounted in a bore
hole, the support element comprising a support member
comprising at least one individual element, a tubular casing
surrounding the support member at least over a portion of
the length of the support member for protecting against
coITosion, a hollow space being defined between the support
member and the tubular casing, a first hardening material
being filled into the hollow space between the support
member and the tubular casing, the support member being
mounted in force-transmitting connection with the bore hole
along a force-transmitting region extending over at least a
portion of the length of the support member by a second
hardening material filled into the bore hole, the tubular
casing comprising a plastics material tube having an original
unifo cross-section over the entire length thereof,
wherein, at least in the force-transmitting region, the uni-
form original cross-section of the plastics material tube is
deformed at spaced-apart locations to deviating cross-sec-
tions having different transverse extensions, wherein the
deformations have an essentially oval cross-section.

2. The support element according to claim 1, wherein the
first and second hardening materials are cement mortar.

3. The support element according to claim 1, wherein the
tubular casing extends over the entire length of the support
member.

4. The support element according to claim 1, wherein the
plastics material tube is of polyethylene.

5. The support element according to claim 1, wherein the
locations are spaced apart at uniform distances.
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6. The support element according to claim 1, wherein the
force-transmitting region has areas of high-force transmis-
sion and areas of low-force transmission, wherein the defor-
mations are spaced closer together in the areas of high-force
transmission than in the areas of low-force transmission.

7. The support element according to claim 1, wherein the
oval cross-section has a large diameter and a small diameter,
and wherein the original cross-section is circular having a
diameter, the small diameter of the oval cross-section being
approximately 80-90% of the diameter of the original
circular cross-section.

8. The support element according to claim 1, wherein the
deformations at successive locations are offset relative to
each other by 90° about the longitudinal axis of the support
clement.

9. The support element according to claim 1, wherein the
deformations at successive locations are continuously offset
relative to each other by 60° about the longitudinal axis of
the support element.

5

10

15

10. The support element according to claim 1, comprising 20

plastically permanently deformable structural components
provided at the locations of the deformations for fixing the
deformations, the structural components being in positive
engagement with the plastics material tube over the circum-

8

ference thereof and being deformable therewith.

11. The support element according to claim 10, wherein
the plastically deformable structural component is a spiral of
steel wire extending at least over the length of the force-
transmitting region.

12. The support element according to claim 11, wherein
the spiral is arranged within the plastics material tube.

13. The support element according to claim 10, wherein
the plastically deformable structural component is an inner
sheathing tube of metal arranged within the plastics material
tube and extending at least over the length of the force-
transmitting region, the sheathing tube of metal having
profilings facing and spaced apart from an inner wall of the
plastics material tube and defining openings.

14. The support element according to claim 10, wherein
the plastically deformable structural components are rings of
steel mounted on the plastics material tube.

15. The support element according to claim 14, wherein
the nings have a diameter, and wherein the rings have a
thickness of approximately 4 to 8% and a width of approxi-
mately 35 to 50% of the diameter.

I T S 2
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